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Abstract 
Product Service Systems (PSS) focus on the delivery of value to the customer and their continuous satisfaction. This overarching 
goal has to be reflected during the design and development of PSS. With the changing business models of PSS, away from a one-
time sale towards a constant delivery of customer satisfaction and value, the whole lifecycle of a PSS is becoming increasingly 
important. A similar development can also be observed for ‘traditional’ products and services. However, for PSS this holistic 
emphasis can be considered a key factor for success. The changing requirements and needs brought forth by PSS and their impact 
on the ‘traditional’ PLM models are discussed in this paper. An emphasis is on the three-phase model and its presentation, which 
is often used to illustrate the product lifecycle from a technical and IT perspective. Finally, some adaptations for the traditional 
illustration are presented as a first starting point for further discussion and in-depth research within the community. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of SysInt 2016.  
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1. Introduction 
In today’s globalized and mature markets, customers increasingly expect physical products, services and related 
information of the highest quality. New developments of products and services bring the entire lifecycle into focus, 
and with it an increased sensibility regarding issues like energy consumption, sustainability, maintenance, customer 
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value, etc. The increasing adaptation of Product Service Systems (PSS) reflects this development. However, 
designing and developing PSS may bring forth different challenges compared to more traditional products and 
services. One aspect when designing and developing new or improving existing products and services is, that an 
emphasis must be placed upon approaches on how to effectively capture, manage and share product lifecycle 
information and data. 
In this paper, the question of the potential impact of changing requirements and needs when designing and 
developing PSS on the ‘traditional’ Product Lifecycle Management (PLM) perspective are investigated. A special 
emphasis is laid on the question whether the currently established, more or less rigorous distinction between the 
three main lifecycle phases is still sensible or if an adaption is necessary reflecting the changing needs of PSS design 
and development. The main goal is to raise awareness on the issue and start a discussion within the PLM and PSS 
community whether an adaptation of the current models may be necessary. 
The paper is structured as follows: first, design for X, PSS and PLM are described as a basis for the later 
discussion. Following, changes resulting from the different nature and adapted business models of PSS are 
illustrated. The impact of PSS on the ‘traditional’ PLM perspective is presented thereafter. In this case, the focus is 
laid on the established illustrations of the three phases of the lifecycle and the question if an adaption is necessary. 
Concluding, the paper is summarized in the final Section 5 including a short outlook on further research. 
2. Background of Design for X, PSS and PLM 
In this section, the background for the later discussion is presented in form of an overview of PSS, Design for X 
and PLM. At first, PSS including servitization and extended products is illustrated to introduce the motivation for the 
changing requirements on design and development. Following, a brief glance on Design for X is included as it may 
serve as a surrounding principle behind PSS aware design and development. Finally, PLM is elaborated with a focus 
on the engineering domain including closed-loop PLM to incorporate the information and data angle. 
2.1. Product Service Systems (PSS) 
Before introducing PSS, the basic principle of servitization has to be discussed. The first definition of 
servitization by Vandermerwe & Rada is “the increased offering of fuller market packages or ‘bundles’ of customer 
focused combinations of goods, services, support, self-service and knowledge in order to add value to core product 
offerings” (Vandermerwe & Rada, 1988). Here, goods are only physical products, with services delivered only in 
relation to those products. Self-service aims at empowering the consumer to carry out services which otherwise 
would need dedicated service personnel (such as tracking a parcel online). Support relates to services provided to 
“keep customers operating effectively” with the goods in question. Knowledge means the effective management of 
knowledge and know-how about the goods within the company. 
The main benefits of servitization, differentiation against competitors, hindering competitors to offer similar 
product-service bundles and increasing customer loyalty are still valid today. Today, more than ever, servitization is 
customer driven (Lewis & Howard, 2009). Companies are however increasingly recognizing the benefits of 
servitization for their own economical or strategic interests (Neely, 2009; Spring & Araujo, 2009). Developments in 
Information and Communication Technologies (ICT) boost this development (Spring & Araujo, 2009). Baines et al., 
state that “integrated product-service offerings are distinctive, long-lived, and easier to defend from competition 
based in lower cost economies” (Baines et al., 2009). Furthermore, bundles of product and services allow companies 
stay in close and continuous contact to their customers compared to traditional one-time-sale deals. However, 
companies transforming their organization towards a product service orientation face many challenges (Vladimirova 
et al., 2011). Among these challenges are e.g. adopting a product-service culture, delivering integrated offerings and 
internal processes and capabilities (Martinez et al., 2010). 
Whilst the roots of servitization are in management science (Vandermerwe & Rada, 1988), the term has also been 
adopted in engineering. Here, product service bundles are described in literature for example as PSS and extended 
products, which will be described in more detail in the following paragraphs. However, service systems without a 
product or tangible asset are also possible (Fernandes, 2012). In this paper, the focus is laid on PSS, a combination 
of services with tangible products and a customer centric value proposition. The closer affiliation of customers and 
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manufacturers/service providers offers potential to generate revenue throughout the entire lifecycle (Jansson & 
Thoben, 2005; Baines et al., 2007). For the benefit of the reader, the manufacturers and service providers offering 
product service bundles are referred to as manufacturers throughout this paper. 
PSS emphasize the customer perspective and customer activity considerations in addition to a strong PLM focus 
(Tan et al., 2010; Aurich et al., 2006, Sundin et al., 2009). The definition of PSS by Tukker & Tischner describes 
them as “a mix of tangible products and intangible services designed and combined so that they jointly are capable 
of fulfilling final customer needs” (Tukker & Tischner, 2006) and highlights similarities between extended products 
and servitization. A number of slightly different definitions exist, but distinctive aspects are shared by the majority 
(Baines et al., 2007). This is further emphasized by the main benefits of PSS being in line with those of servitization 
and extended products. These are generating greater revenues throughout the lifecycle, better customer satisfaction 
due to improved value offerings and gaining and sustaining competitive advantage (Lockett et al., 2011). 
Throughout PSS literature, emphasis on the importance of information for their successful creation and utilization 
and the need for ICT integration is commonly accepted (Mont, 2000; Tan et al., 2010). However, the question of 
how to best create integrated solutions is still unresolved (PSS engineering). Cavalieri et al., stress that 
manufacturing companies today often develop product service bundles from a traditional engineering perspective, 
thus not optimizing the full potential for value creation (Cavalieri & Pezzotta, 2012). Colen & Lambrecht (2013) 
provide a set of service operation guidelines which are targeted to support manufacturing companies with the 
adoption of PSS in their field. 
All presented concepts overlap in their emphasis on the importance of information availability throughout the 
product lifecycle (e.g., Aurich et al., 2006; Baines et al., 2007). As PSS incorporate a changing business model 
focused specifically on customer satisfaction over a longer period of time and creation of value, this had to be 
reflected during design and development of PSS (Morelli, 2006; Sakao, 2011). 
2.2. Design for X 
As introduced in the previous section, PSS have different requirements towards design and development (Sundin 
et al., 2009; Sundin, 2009). With this regard, Design for X (DfX), also known as Design for Excellence) is 
considered relevant as it focuses on design guidelines in many different areas of product development. Each design 
guideline summarizes a specific issue, caused or affecting a specific characteristic of a product and/or a service. 
Therefore the X can stand for e.g., Manufacturability, Assembly, Variability, Reliability, Logistics and 
Transportability (Kuo et al., 2001). DfX is mostly implemented in the early product development stages to get the 
best results (Andersson et al., 2014).  
The application of DFX requires engineers and designers to work together rather than individually, and is 
necessary to optimize given processes or create new ones to implement the new guidelines. The new guidelines 
resulting from the cooperation will create new costs in the beginning, but promise savings in the long run (Kuo et al, 
2001). The main scope of application has been to date Manufacturability and Assembly. Design for 
Manufacturability (DfM), and Design for Assembly (DfA) led to benefits in the manufacturing and assembly 
processes, including simplification of products, reduction of assembly and manufacturing costs, improvements in 
quality, and reduction of time to market (Kuo et al, 2001; O’Driscoll, 2002).  
The manufacturing output has been increased and the complexity of product assembly reduced (Edwards, 2002). 
DfM guidelines range from high-level and generic to low-level and domain specific good practice. The guidelines 
convert the available information to cost indices, normalizing the information and allowing direct comparison in the 
process (Edwards, 2002). 
2.3. Product Lifecycle Management (PLM) 
Most PSS strategies are based on the idea that product or asset ownership does not transfer to the customer 
(Peppard et al, 2009). Therefore, information about the PSS and its usage throughout the lifecycle is always 
accessible for use by the manufacturer. In this paper, legal implications w.r.t. data security and intellectual property 
rights are explicitly not taken into account; although being important depending on various factors like national 
regulations (Scholl, 2006). These issues need to be further elaborated in future research by experts in the field. 
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PSS information availability is essential for manufacturers for their successful creation of value-adding PSS. In 
the following, PLM, and more specifically, closed-loop, item-level PLM are introduced as a framework to access 
and manage product and service information throughout the entire lifecycle. 
Product lifecycle literature generally differentiates organizational/marketing and production engineering/ICT 
perspectives (Sundin, 2009). In marketing, practitioners and academics tend to adopt a sales-oriented view, dividing 
the lifecycle into five phases: introduction, growth, maturity, saturation and degeneration of a product. Here, the 
economic success of a product is the main concern of classification (Meffert, 2008). The scope a product refers to 
may be a model, type or category. 
The production engineering and ICT perspective used here follows (Kiritsis et al., 2003). The basic product 
lifecycle framework in production engineering differentiates three main phases, describing the product from the 
“cradle to grave” (Stark, 2005): 
• Beginning-of-Life (BOL): processes related to development, production and distribution. 
• Middle-of-Life (MOL): processes related to a product’s use, service and repair. 
• End-of-Life (EOL): processes related to reverse logistics like reuse, recycle and disposal. 
This section outlines the major definitions of PLM in literature today in order to underline its importance to the 
product avatar concept in its relation to servitization. It begins with describing conventionally held views of PLM, 
which began as an extension of Production Data Management (PDM) and Computer Aided Design (CAD) concepts. 
Subsequently, its evolution towards item-level, closed-loop PLM is discussed, which lay the conceptional and 
technological foundation for a framework for product avatars supporting servitization. Some researchers differentiate 
between PLM and Service Lifecycle Management (e.g., Peruzzini et al., 2012) and Software Lifecycle Management 
(e.g., Mazzoleni et al., 2012). These differentiations are disregarded in the following as services are mainly seen here 
in combination with a physical product. 
The production engineering and ICT perspective towards PLM differs from the organizational and marketing 
perspective. In production engineering and ICT, PLM is commonly understood as a concept which “seeks to extend 
the reach of PDM […] beyond design and manufacturing into other areas like marketing, sale and after sale service, 
and at the same time addresses all the stakeholders of the product throughout its lifecycle” (Golovatchev & Budde, 
2007). In doing so, PLM inherits a cross-functional nature over various domains, for example business, marketing 
and manufacturing (Garetti et al., 2005). Classic PDM functionality encompasses object, component and document 
management, classification and search functionality, change management and tools for system administration and 
configuration (Abramovici & Sieg, 2001). PLM consequently includes strategically modeling, capturing, exchanging 
and using information in all decision-making processes throughout the product lifecycle (Stark, 2011; Moorthy & 
Vivekanand, 2007). It implements an integrated, cooperative and collaborative management of product data along 
the entire product lifecycle (Terzi et al., 2007). 
Conventional views of PLM tend to stress the first phase of the product lifecycle, due to its beginnings in PDM 
and CAD. Processes highlighted here are product design, development, production and sales. Emerging approaches 
such as closed-loop PLM (Hong-Bae et al., 2007) take a holistic view upon the entire product lifecycle, from product 
ideation to end-of-life processes, ideally also the end of one lifecycle into the beginning of the next. It thus puts 
forward a paradigm shift from „cradle to grave” to “cradle to cradle” (Pokharel & Mutha, 2009). An example is the 
refurbishment of components from decommissioned products for use in new ones. The aim of closed-loop PLM is to 
close information gaps between the different phases and processes of the product lifecycle of individual products. 
This can be backwards, for example providing usage data to design processes, or forwards, for example providing 
production and assembly information to recycling processes. It deals with products not as classes or variants, but as 
individual items (“item-level”). 
Closed-loop and item-level PLM offer a possibility to access product and service information in all phases of the 
lifecycle. Servitization and PSS strategies are built on not transferring ownership to customers to retain access to 
data and information (Peppard et al., 2009). Convincing customers to understand this access to information as a 
mutual benefit, both manufacturer and customer are crucial to this model. On the other hand, the changes brought 
forth by developing PSS may reflect on the current PLM perspective and its lifecycle phases. This is the focal area of 
this paper and after the changing design and development processes are discussed, the impact of these on the PLM 
perspective is elaborated. 
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3. Changing design and development processes for PSS 
Looking at the design and development processes for PSS, certain differences can be observed compared to 
approaches for more ‘traditional’ product and service design. There are a broad variety of possible reasons, ranging 
from often-higher complexity and changing requirements of PSS to new business models accompanying them. 
Today designers are often still very product centric and do not embrace the development towards a fulfilment of 
tasks rather than products and services by the customer to the needed extent (Hussain et al., 2012).  
In the following paragraphs, a selection of those differences is presented including the reasoning behind it. In a 
next step, a rather important aspect of PSS design and development is highlighted with a discussion on information 
availability in PSS along the lifecycle. 
Design and development activities have to take the changing business models behind PSS into account (Reim et 
al., 2014). In traditional products and services, the focus was often on efficient BOL processes (early PLM phases). 
For example, DfM and DfA highlight this traditional focal point. However, with the rise of PSS, where the provider 
is often responsible beyond the early phases throughout the usage and even to disposal (EOL), the focus of design 
and development has to be extended accordingly. Whereas it maybe was sensible traditionally to design products in 
a way that they experience failure after a certain planed time period (planed obsolescence) (Bartels et al., 2012), for 
PSS the complete opposite might be sensible from an economical perspective. Depending on the contract, if a 
customer purchases the ‘usage’ of a PSS, e.g., a printer, the provider is responsible to provide a running system over 
the agreed time period. If the systems experiences problems, the provider is obligated to fix those. Too many of thus 
incidents can turn a profitable engagement into a loss for the company. Therefore, design and development of high 
quality PSS with low maintenance needs along the lifecycle may outweigh, e.g., lower manufacturing costs or 
cheaper raw materials. 
In this context, it becomes even more important to understand the customer requirements throughout the lifecycle. 
The customer does not only have to be convinced only once, at the point of sale, any longer. In an extreme but rather 
realistic case, the customer needs to be convinced of the provided value by the PSS during every moment of the day 
(usage) (Geng & Chu, 2012). One way to increase the understanding of customer requirements is to retrieve usage 
data by means of a PLM approach and utilize it to improve the design and development of PSS.  
The consequence of understanding the customer requirements and needs are not the only reason for increasing 
importance of information about the customers’ interaction with the PSS. Related to that is another aspect, involving 
information needs from the usage phase (MOL). In order to design a robust and suitable PSS with minimal 
maintenance needs, ideally the real (or as realistic as possible) future usage is taken as a reference. Sometimes, 
customers are not aware themselves how they will use a PSS over its lifecycle. Aspects that may lead to problems 
can be, e.g., 
x wrongly communicated/estimated purpose, e.g., an office printer planed for 2000 b/w sheets a day, 
delivering 500 b/w and 3000 colour copies, 
x unexpected environment, e.g., office printer located in the machine hall with high particle density in the air, 
strong vibrations and temperature fluctuations, 
x unexpected usage, e.g., printing of 2000 b/w sheets in 2 hours and then no printing activity for 3 weeks. 
With the dawn of PSS, designers experience a higher degree of freedom (Sakao, 2011). This freedom comes at a 
price, as it involves higher complexity to be handled and a long-term commitment of the choices. In order to still 
deliver the required results for a successful operation, the customer integration has to be increased.  
It becomes immanent that the rise of PSS changes the traditional approach on design and development to a certain 
extent. An important aspect is the even more increased need to understand the purpose of the PSS (Akasaka et al., 
2012). Understanding how the PSS is creating value for the customer is ultimately the key factor of success for the 
PSS provider as well. Companies who are able to transform this knowledge about their customers, their needs and 
behaviour into comprehensive PSS delivering exactly that will not only satisfy their customers but also prevent a 
loss based on lifecycle cost, e.g., through the aforementioned unexpected maintenance. 
PLM offers a concept to integrate all information along a products lifecycle and allows utilization through the 
appropriate addressees. The same stands true for the emerging Service Lifecycle Management. In case of PSS, an 
adapted PLM (SLM) approach may provide support in the previously presented areas. In the following section, the 
impact of PSS and the different requirements on design and development are discussed. 
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4. Impact on PLM perspective 
PLM (SLM) as an integrating concept of information along a products or services lifecycle is naturally 
interwoven with servitization and PSS. PSS are often based partly on information-based services. PLM offers a 
structured way of accessing and delivering the needed information. 
In the first subsection, the impact of the previously sketched PSS specific requirements on the PLM perspectives 
is presented. In the final subsection, the new PLM perspective is discussed. 
4.1. Merging phases and decreasing phase borders of PLM 
In PLM literature from the ICT and engineering domain, three different lifecycle phases are distinguished 
relatively clearly (see Fig. 1 a) ) (Kiritsis et al., 2003; Stark, 2005). Originally, this reflects the different focal areas 
to some extent. For example, during the BOL phase, the focus was on design and development as well as 
manufacturing and assembly processes. Between those processes, information exchange was expected and they were 
perceived as being in one hand. One hand in this context does not mean one company per se, but can also resemble a 
complex production network with multiple partners. 
 
 
 
 
 
 
 
 
 
Fig. 1. Development of product lifecycle phases and their borders with regard to PSS 
Even though, there have been several attempts to connect the different lifecycle phases to one another (e.g., Jun et 
al., 2007; Shin et al., 2014) from an information point of view, this is not reflected in the basic three-phase PLM 
model yet. The authors propose to indicate these closing gaps between the phases reflecting cross-phase information 
exchange through an adaption in the colouring scheme, e.g., as shown in Fig. 1 b). The fading colour scheme 
illustrates the fuzzy nature of the otherwise rough-cut borders and highlights the cross-phase information exchange 
more clearly. 
However, thinking this even further, for a PSS, the traditional BOL, MOL and EOL distinction is not really 
distinguishable any longer. Through maintenance, upgrades added functionalities, the BOL and MOL phase are 
more and more merging into one. Looking at the EOL phase, with increasing remanufacturing and reuse this phase is 
also merging with MOL and even BOL given that through remanufacturing, added services or new capabilities, the 
lifecycle is extended and no clear differentiation between maintenance and remanufacturing can be made at times. 
This is reflected in the continuous illustration of the PSS lifecycle depicted in Fig. 1 c). 
 
 
 
 
 
 
 
 
Fig. 2. Development of closed- loop product lifecycle phases and their borders with regard to PSS 
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In Fig. 1, the often-used one directional ‘cradle to grave’ PLM perspective is adapted to the proposed new 
perspective. In the following Fig. 2 a) – c), the same is executed with the closed-loop PLM model. In this model, the 
EOL is connected to the BOL from a resource (e.g., use of recycled material for manufacturing of new product) and 
information (e.g., information from EOL or MOL used for design improvements during BOL) perspective. In Fig. 2 
a), the traditional distinction is shown through the three phases and the clear colour scheme whereas in Fig. 2 b), the 
closing gaps and decreasing borders between the phases are shown by the fading colours at the edges of the phase 
arrows. Finally, in Fig. 2 c), the same continuous illustration as in the traditional model before is employed 
highlighting the same holistic perspective on the lifecycle PSS demand today. 
4.2. Discussion 
The new perspective on PLM and the different lifecycle phases does not directly change the application and 
interpretation per se. However, it highlights the necessary holistic focus on the lifecycle when it comes to the 
requirements of PSS. Instead of a continuous illustration as depicted in Fig. 1 c) and Fig. 2 c), a very incremental one 
is imaginable (Fig. 3). 
Fig. 3. Incremental ‘PSS lifecycle state’ perspective 
Through such an incremental description of the ‘PSS lifecycle state’ it is possible to create an accumulating state 
vector, describing the PSS development in an increasingly rich picture (see Fig. 4). In Fig. 4, this accumulating state 
vector allows for various advanced analysis options which in turn have the possibility to increase the knowledge 
about the PSS and the inter- and intra-relations along the whole lifecycle. The increased knowledge is important for 
continuous design and development of new and redesigned PSS reflecting a better understanding of the customer 
needs, requirements and actual usage. 
At each point in time, the accumulating vector at that point is available for analysis. Furthermore, the previous 
accumulations are additionally available and may enhance or amplify the results. In Fig. 4, when the accumulated 
vector in green is available, all previous vectors incl. the blue and red one are available too. Depending on the 
purpose and the information and data involved, different analyses can be conducted. 
At this point, no suggestion is made on what analysis may be undertaken as this is rather individual and 
dependent on the PSS and various other variables. Also no claim is made that the accumulation of PSS lifecycle 
states will produce tangible results as the similar application did looking at manufacturing systems. 
Fig. 4. Accumulating ‘PSS lifecycle state’ vector 
In manufacturing, such an incremental view using an accumulating state vector on product state data (Wuest et 
al., 2014; Wuest, 2015) in combination with Support Vector Machine based Feature Selection (Guyon et al., 2002) 
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showed that it is possible to identify formerly unknown relevant state drivers along the manufacturing process 
sequence. These state drivers allowed for the identification of parameters and descriptive process and product 
characteristics which have a significant impact on the quality outcome. The outcome also incorporated implicit 
relations between processes. Such implicit relations may also exist within PSS lifecycles and a better understanding 
of those may be of benefit for design and development efforts regarding PSS. 
5. Conclusion and outlook 
In this paper the impact of PSS design and development on the current PLM perspective is investigated. The 
focus is on the illustration of the ‘traditional’ three-phase model and if it is still appropriate given the changing needs 
and requirements from emerging PSS. 
It is argued that with the changing business models of PSS, away from a one-time sale towards a constant 
delivery of customer satisfaction and value, the attention of design and development needs to focus even more on the 
usage and disposal, basically lifecycle phases beyond BOL. This leads to the proposal of a new, continuous 
illustration of the lifecycle without a clear differentiation between the traditional three phases BOL, MOL and EOL. 
This reflects the required holistic focus of designers and developers of PSS.  
The goal of this paper was not to develop a completely new model or perspective but to raise awareness and start 
a discussion on possible adaptation needs for current PLM models when it comes to PSS. 
Additionally, the possibility to utilize a more incremental approach on PLM is briefly introduced, neglecting the 
traditional phases by defining certain states along the lifecycle. This approach was successfully utilized in 
manufacturing systems and a transfer to the PSS design and development domain may be promising. In the next 
steps, the proposed adaption to the PLM model will be developed further, and the transfer and adaptation of the state 
concept from manufacturing will be investigated in greater detail.  
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